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Abstract 

Background:  In women with unexplained infertility, tubal flushing with oil-based contrast during hysterosalpingo-
graphy (HSG) increases ongoing pregnancy and subsequent live birth rates when compared to tubal flushing with 
water-based contrast. It is currently unclear whether an HSG with oil-based contrast also results in more ongoing 
pregnancies and live births in women of advanced age, women with ovulation disorders, and women with potential 
tubal pathology when compared to an HSG with water-based contrast.

Methods:  We plan an international, multicentre, open-label, randomized controlled trial (RCT) studying three groups 
of infertile women who have an indication for tubal patency testing according to their treating physician and addi-
tionally; (1) are 39 years of age or older, (2) have an ovulation disorder or (3) have a high risk for tubal pathology based 
on their medical history. Women with an allergy for iodinated contrast medium are excluded, as are women with 
diabetes, hyperprolactinemia or untreated hyper- or hypothyroidism, and women with a partner with severe male 
infertility. After informed consent, women will be randomly allocated to the intervention, tubal flushing with the use 
of oil-based contrast during HSG or the control group, tubal flushing with the use of water-based contrast during HSG 
in a 1:1 ratio by the web-based system Castor. The primary endpoint will be ongoing pregnancy leading to live birth 
with conception within six months after randomization. Secondary outcomes are other pregnancy outcomes, used 
fertility treatments, adverse events and cost-effectiveness. Based on the expected ongoing pregnancy rate of 17% in 
the control group and 27% in the intervention group, the sample size will be 930 women (465 per group). Study inclu-
sion is expected to be complete in four years.
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Background
Infertility, defined as the inability to conceive within 
12  months of unprotected intercourse, was estimated 
to effect approximately 48.5 million couples worldwide 
in 2010 [1, 2]. Fertility work-up includes the medical 
investigation into the various causes of male and female 
infertility that have been identified. With male factor 
infertility referring to the (relative) absence of function-
ing spermatozoa, female infertility can refer to ovulation 
disorders, diminished ovarian reserve, tubal factor infer-
tility, and uterine factor infertility [3]. Ovulation disor-
ders can have various causes, of which polycystic ovary 
syndrome (PCOS) is the most prevalent [4]. Diminished 
ovarian reserve plays an increasing role in infertility as 
couples have been postponing their wish to conceive over 
recent decades [5]. Tubal factor infertility can be caused 
by current or past pelvic inflammatory disease such as an 
infection with Chlamydia trachomatis, previous pelvic 
surgery, peritonitis or endometriosis [6, 7]. Uterine factor 
infertility can consist of anatomical anomalies, such as 
congenital uterine anomalies, or intrauterine pathology 
such as polyps, myomas or adhesions [8]. In up to 30% of 
couples, the fertility work-up shows no abnormalities and 
this is classified as unexplained infertility [9, 10].

Part of the fertility work-up is assessing the risk for 
tubal pathology and if indicated, a tubal patency test 
can be performed. Hysterosalpingography (HSG) is tra-
ditionally used as first choice tubal patency test to rule 
out tubal pathology [3, 4]. Although HSG was initially 
introduced as a diagnostic test, therapeutic effects of 
tubal flushing, especially with oil-based contrast, have 
been studied extensively [11–14]. The most recent review 
[14] included six studies comparing HSG with oil-based 
contrast and water-based contrast. Three of these stud-
ies reported on live birth but meta-analysis could not be 
performed due to heterogeneity of the population.

The largest study among these randomized controlled 
trials is the H2Oil study [15]. This study was conducted 
to investigate the difference in ongoing pregnancy rates 
between tubal flushing during HSG with the use of oil-
based and water-based contrast, in couples with unex-
plained or mild male infertility. This study excluded 
women aged 39  years or older, women with ovulation 

disorders, and women who had a high risk for tubal 
pathology. The H2Oil study showed a significant increase 
in ongoing pregnancies as well as live births within 
6 months after HSG with oil-based contrast when com-
pared to HSG with water-based contrast (relative risk 
(RR) 1.37, 95% confidence interval (CI) 1.16–1.61; 
P < 0.001 for ongoing pregnancy and RR 1.38, 95% CI 
1.17 to 1.64; P < 0.001 for live birth) [15]. The long term 
follow-up of this study demonstrated that the fertility 
enhancing effect of oil-based contrast is still present five 
years after HSG (cumulative ongoing pregnancy rates 
80.0% after oil-based contrast, 75.0% after water-based 
contrast, RR 1.07, 95% CI 1.00 to 1.14, cumulative live 
birth rates 74.8% after oil-based contrast, 67.3% after 
water-based contrast, RR 1.11; 95% CI 1.03 to 1.20) [16]. 
This study additionally demonstrated that HSG with oil-
based contrast leads to a significantly shorter time-to-
pregnancy compared to HSG with water-based contrast 
(10.0 vs 13.7  months; hazard ratio 1.25; 95% CI 10.9 to 
1.43). Robust studies investigating the fertility enhancing 
effect of oil-based contrast during HSG in women who 
were 39 years of age or older, women with ovulation dis-
orders, and women who have a high risk for tubal pathol-
ogy are lacking.

In the current socio-economic climate, where health 
care costs are increasing and the importance of evidence-
based health care is underlined, the results of previously 
mentioned studies among couples with unexplained 
infertility cannot be extrapolated to couples with other 
types of infertility and therefore separate evaluation is 
needed.

This randomized controlled trial aims to investigate 
the effectiveness and cost-effectiveness of the use of 
oil-based versus water-based contrast during HSG, in 
women with previously unevaluated causes of infertil-
ity: women who are 39 years of age or older, women with 
ovulation disorders, and women who have a high risk for 
tubal pathology.

Methods
This international, multicentre, randomized controlled 
trial will be performed in university, teaching and non-
teaching hospitals in the Netherlands and the United 

Discussion:  This multicentre RCT will establish whether, for women of advanced age, women with ovulatory disease, 
and women who have a high risk for tubal pathology, there is a fertility enhancing effect of tubal flushing with oil-
based contrast during HSG and whether the use of this contrast medium is cost-effective.

Trial Registration The study was prospectively registered in the Netherlands Trial Register on August 1st 2019 as ‘H2Oil2’ 
(reference number NL7925, https://​www.​trial​regis​ter.​nl/​trial/​7925).

Keywords:  Hysterosalpingography (HSG), Tubal patency testing, Cost–benefit analysis, Ethiodized oil, Infertility, 
Ongoing pregnancy, Oil-based contrast, Water-based contrast
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Kingdom. A list of currently participating hospitals is 
available as Additional file 2. The trial has obtained ethi-
cal approval by the Institutional Review Board (IRB)  of 
the Amsterdam UMC location Vrije Universiteit (reg-
istration number 2018.289), the Research Ethics Com-
mittee London Harrow (20/LO/0607), and the board of 
directors of all participating centres.

Participants
Women who are scheduled for an HSG as part of their 
fertility work-up can participate if they meet at least one 
of the following criteria: (1) women who are 39 years of 
age or older, (2) women who have an ovulation disorder 
(ovulation disorders will be defined as less than eight 
menstrual cycles per year), or (3) have a high risk for 
tubal pathology (high risk will be defined as a past chla-
mydia infection, pelvic inflammatory disease, peritonitis, 
known endometriosis and/or pelvic surgery including 
tubectomy for ectopic pregnancy). In order to ensure 
adequate sample sizes in all three groups of participants, 
women meeting more than one criterion will be included 
according to the criterion that comes first in ranking. 
The ranking is based on the expected prevalence of the 
three subgroups of women within the study population, 
with the lowest expected prevalence highest in ranking. 
Women will be excluded if they have an endocrine dis-
order known to decrease natural pregnancy chances (e.g. 
diabetes, unregulated hypothyroidism or hyperthyroid-
ism), iodine contrast medium allergy or a male partner 
with severe infertility (a pre-washed total motile sperm 
count below three million sperm per millilitre).

Randomization and blinding
Infertile couples will be screened in the outpatient clinic 
by their attending physician. Eligible women will be 
informed by a dedicated research nurse or physician in 
their centre. Women who give written consent will be 
randomized for HSG with oil-based contrast (interven-
tion group) or with water-based contrast (control group) 
in a 1:1 ratio, using a permuted block design with block 
sizes varying from 4–8 cases. Randomization will be per-
formed using the web-based program Castor EDC (Cas-
tor Electronic Data Capture, Ciwit BV, Amsterdam, the 
Netherlands), and stratified according to centres and by 
infertility diagnosis (age 39 years or older, ovulation dis-
order, and high risk for tubal pathology). The trial is not 
blinded with respect to participants and health care pro-
fessionals since the allocation will be evident in further 
fertility workup. Oil-based contrast has a higher iodine 
concentration than water-based contrast and together 
with its hydrophobic qualities this makes oil-based con-
trast easily distinguishable from water-based contrast on 

X-ray or fluoroscopy images [17]. The primary outcome 
is objective, and therefore we do not expect that lack of 
blinding will influence the findings.

Intervention
The HSG procedure will be performed after cessation of 
menstrual bleeding or after progesterone-induced vagi-
nal bleeding in case of anovulation. With use of a cervical 
vacuum cup, a metal cannula (hysterophore), an acorn 
cannula or an HSG balloon catheter, the iodinated oil- 
or water-based contrast medium will be infused into the 
uterine cavity and several radiographs will be taken to 
visualize the uterine cavity and Fallopian tubes according 
to local protocols. The procedure will be discontinued if 
signs of intravasation are visible on the radiographs, as 
intravasation of specifically oil-based contrast might lead 
to oil-embolisms, a known and potentially dangerous 
complication [18]. The results of the HSG will describe 
whether the Fallopian tubes are patent and whether there 
are any visual abnormalities in the cervix, uterine cavity, 
Fallopian tubes or peritoneal cavity. In the intervention 
arm, the HSG will be performed with a maximum of 15 
millilitre of oil-based contrast (Lipiodol Ultra Fluid®, 
Guerbet, Villepinte, France) to minimize the chance of 
(temporary) hypo- or hyperthyroidism [18]. In the com-
parator arm, the HSG will be performed with water-
based contrast medium (iodixanol, Visipaque®, General 
Electric Healthcare, Buc, France), for which no maximum 
dosage is advised. The batch number and expiration date 
of the used flasks of contrast medium will be reported for 
the purpose of drug accountability.

Pre- and post-HSG use of analgesics and antibiotics, 
and subsequent management will be performed accord-
ing to local protocol. Women will receive the adjusted 
Amsterdam Preoperative Anxiety and Information Scale 
(APAIS) questionnaire prior to their HSG procedure to 
score their anxiety score prior to HSG and to be able to 
relate this to their pain level during HSG [19]. Immedi-
ately after the procedure they will be asked to score their 
pain using a Visual Analogous Scale (VAS) ruler (ranging 
from 0 to 10 cm).

The choice of fertility treatments will be based on the 
results of the fertility work-up (including the outcome 
of the HSG) according to the Dutch fertility Guide-
line or the Clinical guideline by the National Institute 
for Healthcare and Excellence (NICE) [4, 20–22]. Ano-
vulatory women will be offered ovulation induction, 
and women aged 39 years or older may be offered Intra 
Uterine Insemination (IUI) or In  Vitro Fertilization 
(IVF). In case of suspected uni- or bilateral tubal pathol-
ogy, women can be scheduled for IVF or a diagnostic or 
therapeutic laparoscopy followed by IVF if bilateral tubal 
occlusion is confirmed, according to the local protocol 
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of the participating centres. Women with a high risk for 
tubal pathology, but without tubal pathology at HSG or 
laparoscopy, and with a regular menstrual cycle who are 
below 39 years of age will be advised expectant manage-
ment or IUI, guided by their calculated prognosis for nat-
ural conception using the model of Hunault or other local 
protocols [23]. For women aged 39 or over, the Hunault 
prognostic model is not verified and these women will 
often be advised IUI or IVF immediately.

As the compared strategies (HSG with oil-based con-
trast versus HSG with water-based contrast) are already 
applied in current practice, no additional risks or burdens 
are expected for participating women.

Outcomes
The primary outcome of this trial is ongoing pregnancy 
leading to live birth, with conception within six months 
after randomization. Ongoing pregnancy will be defined 
as an intrauterine pregnancy with heartbeat on ultra-
sound examination at twelve weeks of gestation, live birth 
as a live born neonate beyond 24 weeks of gestation. Sec-
ondary outcomes will include clinical pregnancy (ultra-
sound confirmed intrauterine gestational sac), ongoing 
pregnancy, miscarriage (loss of clinical or ongoing preg-
nancy or diagnosis of a pregnancy without positive foetal 
heartbeat before twelve  weeks gestation), ectopic preg-
nancy (ultrasound or surgically confirmed extra-uterine 
pregnancy). Pregnancy complications, complications of 
HSG such as intravasation, infection and hypo- or hyper-
thyroidism, and a cost-effectiveness analysis will also be 
part of the secondary outcomes. Our hypothesis is that 
HSG with oil-based contrast will increase ongoing preg-
nancy rates and will reduce time to ongoing pregnancy 
in all three subgroups, thereby reducing the need for 
assisted reproductive technology (ART) and thus lower-
ing the costs. In addition, we will study the procedural 
discomfort or pain and relate this to pre-procedural anxi-
ety, using a modified APAIS questionnaire [19].

Follow‑up
Data on fertility treatments and pregnancy outcomes 
will be collected until six months after randomization 
in a structured electronic case report form using Cas-
tor EDC. If a pregnancy occurs within six months, the 
outcome of the pregnancy will be followed. If the neces-
sary information cannot be extracted from the medical 
record, women will receive a digital questionnaire about 
treatment and pregnancy outcomes or they will be con-
tacted by a dedicated researcher to conduct the follow-
up questionnaire by phone. All participating women will 
receive a digital questionnaire on productivity-loss and 

health care costs (iPCQ) six months after randomization 
(see Table 1) [24].

Sample size
Our hypothesis is that HSG with oil-based contrast will 
increase the live birth rate with 10% in three infertility 
groups: (1) women aged 39  years or older, (2) women 
with ovulation disorders and (3) women who have a high 
risk for tubal pathology. To detect an increase of 10% in 
live birth rate from 17 to 27%, 395 women per group are 
needed (alpha 1%, beta 20%, Z-test with unpooled vari-
ances as calculated in PASS 2020). Anticipating a loss to 
follow-up rate of 15%, the total number of participants 
required is 930 (465 in each arm of the trial). With this 
number we have 80% power to study the 10% difference 
in live birth rate in the intervention versus control group 
in the stratified design using Cochrane-Mantel-Haenzel.

Statistical analysis
Categorical data will be reported as absolute numbers 
and percentages. Normally distributed continuous 
variables will be summarized as means with standard 

Table 1  SPIRIT figure

t−1: Prior to inclusion; t0: Study inclusion; t1: HSG procedure, usually 
within 4 weeks of inclusion (t0); t2: end of initial follow-up 6 months after 
randomization; t3: pregnancy follow-up, at last 9 months after t2

Time-point Study period

Enrollment Allocation Post-
allocation

t−1 t0 t1 t2 t3

Enrollment

 Eligibility screen X

 Informed consent X

 Allocation X

Interventions

 HSG with oil-based 
contrast

X

 HSG with water-based 
contrast

X

Assessments

Demographics X

 APAIS X

 Pain score (VAS) X

 HSG procedure and 
results

X

 Adverse effects X

iPCQ X

 Treatments X

 Pregnancies X

 Pregnancy follow-up X
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deviations, and non-normally distributed continuous 
variables will be reported as medians with interquar-
tile ranges. The primary analyses will done accord-
ing to the intention to treat (ITT) principle, including 
all randomised women. Differences in live births will 
be expressed as crude and stratification adjusted risk 
ratio and absolute risk difference with associated 95% 
and 99% confidence intervals (CI) using log-linear 
binomial regression. We will construct Kaplan–Meier 
curves, estimating the cumulative probability of con-
ception leading to live birth over time and use the 
log-rank test to assess differences. Additionally, we 
will do a cox proportional hazard analysis to evaluate 
the difference in primary outcomes over time while 
accounting for the subgroups and evaluating presence 
of interaction. Continuous outcomes will be measured 
at multiple time-points and will be analysed with the 
use of linear mixed models. We will subsequently com-
pare intervention and control treatment within the 
stratified groups (1) women aged 39 years or older, (2) 
women with ovulation disorders and (3) women who 
have a high risk for tubal pathology. Women meeting 
more than one criterion will be included in the group 
that comes first in ranking as described earlier. Within 
these stratified groups pregnancy outcomes will be 
expressed as risk ratio, risk difference and hazard ratio 
with 95% CI.

Cost‑effectiveness analysis
The average costs and effects of tubal flushing during 
HSG with oil-based contrast and water-based contrast 
during fertility work-up will be compared. Total costs 
of the HSG, fertility treatments and fertility outcomes 
(collected using the eCRF) will be evaluated after a fol-
low-up of six  months after randomization. These data 
will be used to calculate the direct medical costs.

Societal costs will be measured using digital iPCQ 
questionnaires after six months of follow-up [24]. Cost 
categories that will be included are: (1) healthcare costs 
(primary and secondary care, complementary care 
and home care); (2) lost productivity costs (absentee-
ism from paid and unpaid work, and presentism) and 
(3) patient costs (informal care and other care services 
paid for by patients themselves).

Valuation for participants from the Netherlands and 
the United Kingdom will be according to their respec-
tive national guidelines [25, 26]. For the valuation of 
health care utilization, lost productivity and informal 
care, standard costs for the Netherlands and the United 
Kingdom will be used. Medication use will be val-
ued using prices of the Royal Dutch Society for Phar-
macy (www.​KNMP.​nl) and the NICE British National 

Formulary (www.​bnf.​nice.​org.​uk). Patient and family 
costs other than informal care will be valued using self-
reported prices. For the valuation of absenteeism from 
paid work, the friction cost approach will be used.

Safety monitoring
The IRB determined that the study related risk for par-
ticipants is very low. A Data Safety Monitoring Com-
mittee was therefore not deemed necessary. An interim 
analysis is not planned. All adverse events (AEs) occur-
ring within one month after HSG will be reported to the 
IRB by line listing yearly. Additionally, adverse neonatal 
outcomes such as a congenital anomaly or birth defect 
will be reported as severe adverse events (SAEs). SAEs 
occurring within one month after HSG will be reported 
to the IRB immediately through the Dutch national web 
portal ToetsingOnline. SAEs occurring in participants 
outside of the Netherlands will additionally be processed 
according to local regulations. All SAEs will be followed 
until they have abated, until a stable situation has been 
reached or the patient was discharged.

Data management and monitoring
Patient information will be filled in anonymously based 
on randomization number. Linking personal data to the 
study number can only be performed in the local par-
ticipating centres. Written informed consent forms are 
stored in the local participating centre, all forms and data 
will be archived for 25 years in the participating centres 
according to GCP and local regulations. Monitoring of 
study processes will be done according to national and 
international guidelines by an independent study moni-
tor [27]. Annual safety reports will be sent to the accred-
ited IRB and the competent authority.

See Additional file 1: Table S1 for the completed WHO 
Trial Registration Data Set [28].

Discussion
Increasing female age is one of the main causes of infer-
tility in the twenty-first century, with > 50% of the women 
undergoing IVF being over 35 years of age [29, 30]. Ano-
vulation and tubal pathology are also important causes of 
infertility. As a consequence, the results of this H2Oil2 
study are estimated to be applicable to more than 50% of 
infertile women seen in fertility clinics.

This multicentre randomized controlled trial will gen-
erate insight in the potential fertility enhancing effect 
of tubal flushing using oil-based contrast during HSG 
in infertile women who are 39  years or older, women 
with ovulatory disease, and women with a high risk 
for tubal pathology. The generated evidence can guide 

http://www.KNMP.nl
http://www.bnf.nice.org.uk
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clinicians and policy makers to decide which subgroups 
of women will benefit from an HSG with oil-based con-
trast as a therapeutic intervention, whether the interven-
tion is cost-effective and if the risk of adverse events is 
acceptable.

Strengths and limitations
The proposed study is specifically designed to detect a 
difference in ongoing pregnancies leading to live births 
for three important subgroups of infertile women. Most 
randomized clinical trials regarding the fertility enhanc-
ing effect of oil-based contrast during HSG have been 
previously performed in couples with unexplained infer-
tility and/or mild male factor. While several trials have 
also included women with other types of infertility [31–
34], none were able to show a significant positive effect 
of tubal flushing with oil-based contrast mostly due to a 
low sample size, and the results of previous trials among 
women with unexplained infertility cannot simply be 
extrapolated to all women facing infertility [14]. Another 
strength of this study is its multinational character. As it 
involves academic and non-academic (teaching and non-
teaching) participating centres from the Netherlands 
and the United Kingdom, the results will be applicable 
to different countries with different hospital settings. A 
limitation of this study is the potential diversity in treat-
ments between the various participating centres. The 
participating centres will treat patients according to their 
local protocol. Although these protocols are based on 
national guidelines, there is variety between the national 
guidelines of the participating countries [4, 35]. As this 
study evaluates two variants of standard care which are 
already applied in current practice, we chose this prag-
matic approach to generate evidence that is applicable to 
the majority of the treating centres. This approach will 
lead to a difference in management between participating 
centres, possibly influencing the chance of conception. 
Randomization is therefore stratified per inclusion group 
and per inclusion site, to prevent uneven distribution 
among the two randomization groups.

Potential impact and implications
As health care costs are increasing around the world, 
research focusing on cost-effectiveness of healthcare 
will help clinicians and policy makers to determine the 
appropriate position of the HSG with oil-based contrast 
within the fertility workup, taking into account both its 
diagnostic potential as well as its therapeutic effect. A 
cost-effectiveness analysis of the long term outcomes 
of the H2Oil study showed an increase in the cumula-
tive pregnancy rate when oil-based contrast was used, 
compared to when water-based contrast was used (80,0 

versus 75,0%) [36]. The higher price of the oil-based con-
trast was compensated by a decrease in the need for ART 
to achieve these pregnancies in the group receiving oil-
based contrast, resulting in comparable overall costs. The 
study concluded that tubal flushing with oil-based con-
trast was therefore cost-effective in comparison to water-
based contrast in women with unexplained subfertility 
[36]. In the proposed study, a cost-effectiveness analysis 
will be performed incorporating medical consumption, 
absence from (paid) work and loss of productivity due to 
health problems [24].

The mechanism of action of oil-based contrast lead-
ing to a fertility enhancing effect is not fully elucidated. 
Different hypotheses place the point of action in the 
Fallopian tube [37, 38], the endometrium [39], and the 
peritoneum [40, 41]. A post-hoc analysis of the H2Oil-
study showed that in the group of women with higher 
pain scores, the ongoing pregnancy rate was higher in 
women that had received oil-based contrast during HSG 
when compared to women that had received water-based 
contrast [42]. These result support the first hypothesis 
that when using oil-based contrast medium, the pain 
was caused by an increase in intrauterine pressure prior 
to dislodgment of pregnancy-hindering debris from the 
proximal part of otherwise anatomically normal Fallo-
pian tubes [42]. Previous research associated pre-proce-
dural anxiety to a higher experienced pain level during 
medical procedures [19, 43]. To further investigate the 
relationship between discomfort or pain during HSG 
and ongoing pregnancies in the current study, the APAIS 
questionnaire will be used to score pre-procedural anxi-
ety as a confounder for experienced pain.

Despite reassuring recent research on the prevalence of 
complications after an HSG, fear of complications is still 
a reason for some clinicians to withhold use of oil-based 
contrast [11, 18]. A recent review, without publication 
date or language restrictions, showed that the incidence 
of intravasation of contrast in the venous or lymphatic 
system is higher during tubal flushing with oil-based con-
trast in comparison to water-based contrast (2.8% and 
1.8% respectively, odds ratio 5.05, 95% CI 2.27 to 11.22) 
in the included RCTs [18]. However, when including only 
studies that used fluoroscopy screening during HSG, no 
serious consequences of intravasation were identified. 
Pelvic infection after HSG is another well-known com-
plication, the previously mentioned review described 
that in studies published in or after 1960, as antibiotics 
were not routinely used before, the frequency of infec-
tion was 0.55% after HSG with oil-based contrast and 
0.35% after HSG with water-based contrast [18]. The pro-
posed study aims to provide information on the compli-
cation rate in a population of women that have a higher 
risk for tubal pathology (because of a previous infection, 
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pelvic surgery or endometriosis). Complications will be 
reported systematically.

This multicentre RCT will establish whether, for 
women that are 39  years or older, women with ovula-
tion disorders, and women who have a high risk for tubal 
pathology, there is a fertility enhancing effect of tubal 
flushing at HSG with oil-based contrast during fertility 
work-up and if this is cost-effective.
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